Abstract -This paper presents the electrical response of MultiWalled Carbon Nanotube (MWCNT) towards the presence of gases at room temperature. The preparation of MWCNT and the experimental setup are also discussed. The resistance of MWCNT elements is extracted from current-voltage measurements done at room temperature. The results show that there is a change in the resistance when the sensing element is exposed to either ammonia or carbon dioxide gas. Fast response time and recovery time have been achieved.
I. INTRODUCTION
Carbon nanotubes (CNTs) have been researched for various applications including gas sensing [1] . Gas adsorption on CNTs is considered to modify their electronic properties [2] [3] ]. Many of the gas sensing studies are based on the Single-Walled Carbon Nanotubes (SWCNTs). There are few work reported on the studies of Multi-Walled Carbon Nanotubes (MWCNTs) as gas sensing element [4] . In this paper, MWCNT is prepared as gas sensing element and its room-temperature electrical response towards ammonia (NH 3 ) and carbon dioxide (CO 2 ) is studied. The work involves growing CNT, preparation for MWCNT pallet as gas sensing element and current-voltage measurements upon exposure of the two types of gases.
II. CNT GROWTH
The MWCNTs were grown by pyrolisis of ferrocene and benzene under N 2 /H 2 atmosphere in a reactor called Chemical Vapor Deposition (CVD). The technique used in this experiment is called Floating Catalyst CVD (FCCVD), which indicates that the catalyst is floating inside the chamber and not sticking at the wall of tube furnace. Ferrocene is an excellent precursor for producing Fe catalyst particles, and benzene was used as a hydrocarbon source. Controlling the growth condition will control the properties of the tubes .
Prior to reaction inside the reactor, ferrocene is preheated until it reaches 130 o C, which purposely to vaporize the ferrocene. The benzene is very volatile, and it can turn into vapor at temperature 60 o C. The H 2 gas is bubbled into the benzene liquid and vaporized the benzene. The vaporized benzene was flowed into the second flask and combined with ferrocene vapor before entering the reactor. In the reactor, at elevated temperature, the catalyst will catalyze the decomposition of benzene into carbon and hydrogen. Fig. 1 shows the CVD setup to synthesis large scale of MWNTs. Their diameter or wall thickness was confirmed using High Resolution Transmission Electron Microscopy (HRTEM) as shown in Fig. 3 . The TEM image shows several sheets of individual MWNTs' wall. The thickness of the walls is about 9 nm. The middle image is the hollow cylinder. The diameter of MWNTs is about 44 nm. 
III. GAS SENSING ELEMENT
Gas sensing element is prepared in the form of pallet as illustrated in Fig. 4 . The pallet is produced by compressing the CNTs powder into the square shape with 5mm width, 15mm length and 1.5mm height. 100mg of CNT powder is mixed with the ethyl cellulose (non-conductive binder) to obtain more stable pellets. The mixture is put in the square mould to get the shape. The ethyl cellulose is produced by mixing up 1 gram of ethyl cellulose powder with alcohol to produce a viscous liquid. Silver paint is used to create contact at both surfaces of the pellets. Wires are connected at the silver paint. 5 shows the complete apparatus setup for the experiment. For measurement, the sample is placed in a beaker. Argon gas is set flowing in and out continuously to purge any air or gas inside the beaker. A SourceMeasurement Unit (SMU) is connected to the contacts of pallet to measure the voltage when a range of current is passed through the sample. Resistance is extracted from the voltage and current readings. Both resistances, before and after exposing the sample to the gases, were taken so that the change in resistance is only associated to the change of the presence of the tested gas.
The tested gas, for example, NH 3 is injected into the beaker for 3 seconds. There are four injections made in each run. The experiment is repeated 3 times for each sample. The resistance value is taken at every 10 seconds. Fig. 7 shows the response of the MWCNT resistance successively exposed to NH 3 gas over a period of time. During the first 3s injection of NH 3 gas, a small increase in resistance occurred, followed by a significant decrease, eventually approaching the initial resistance value (when no gas is injected). This result demonstrated that the NH 3 molecules can change the electrical property in the MWCNT sensing element. This experiment was repeated and the same results were obtained subsequently. These reveal that the sensing element has a good reproducibility.
The resistance of the sensors increases upon exposure of ammonia gas. This is due to the reason that the free carriers (holes) of p-type conducting material (MWNTs) were neutralized by electrons contributed by the reducing gas (NH 3 ). The MWNTs are the p-type conducting material and initially content holes as free carrier. When reducing gas is injected, it contributed electron and neutralized the holes in MWNTs. Because of that, the free carrier (holes) was reduced and decreases the conductance, thus increase the resistance. 
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Run #2 Run #3 No Gas The experiment is done for three times per sample. From the equation 1, the sensitivity is calculated for both samples. Table below shows the sensitivity for each gas injection of both samples. Comparison on response time, recovery time, sensitivity and operating temperature are listed in Table II and III. Majority of the work in the past were at higher temperature. Typically gas sensor will have better sensitivity at higher temperature. The draw back of high operating temperature sensor is that it requires heating element which makes the system more complicated. In comparison, the MWCNT sensing element investigated in this work shows promising performance, especially for room temperature application. This paper presents the effect of MWCNTs resistance upon exposure of ammonia and carbon dioxide gases. The MWCNT were prepared using FCCVD. The MWCNT gas sensing elements are found to be sensitive to the gases even measured at room temperature. Further investigation on various temperatures is suggested.
